The objective of this study is to investigate the effect of asphalt and geotextile interlayer on the fracture behavior of unbonded concrete overlay through a laboratory composite beam test.
INTRODUCTION
An unbonded concrete overlay (UBCO) is a new concrete pavement over existing concrete pavement with an interlayer between them to break the bond. The major advantage of unbonded overlay is that it does not require much pre-overlay repair and can be applied to deteriorated pavements. The unbonded overlay is usually expected to be a long-lasting rehabilitation and perform over 20 years with adequate separation interlayer (Heckel, 2002) . Unbonded concrete overlays are most cost-effective when the existing concrete pavement is badly deteriorated. Because two concrete layers are independent, unbonded concrete overlays perform structurally as if built on a strong, non-erodible base course.
Thus they provide a more cost-effective option for deteriorated concrete pavements than rubblization and an asphalt overlay (C. Design, 1998) . 
OBJECTIVE
The objective of this study is to investigate the effect of asphalt and geotextile interlayer on the fracture behavior of unbonded concrete overlay through a laboratory composite beam test. The test results of the composite beam using two types of geotextile interlayer with different thicknesses were compared to the test results of the composite beam using the tradition type of asphalt interlayer. The unbonded concrete overlay on the existing concrete pavement without interlayer was set for the control condition.
BACKGROUND

Bonded and Unbonded Concrete Overlay
Usually there are two rehabilitation options available when using concrete overlay: bonded and unbonded. Bonded concrete overlays (BCO) consist of a relatively thin concrete layer bonded to the top of the existing concrete pavement to increase its structural capacity.
Good candidates for bonded overlays are pavements which have little deterioration, but are too thin due to increased traffic volumes. Bonded concrete overlays are generally used when the existing concrete pavement is in relatively good condition and requires little pre-overlay repair. It is not recommended to use bonded concrete overlay when the amount of deteriorated slab cracking and joint spalling is substantial enough to require removal and replacement of the existing surface or when significant deterioration of the concrete slab has occurred due to durability problems (C. Design, 1998 While the existing concrete pavement should be in good condition for bonded concrete overlay (BCO), unbonded concrete overlay (UBCO) with an interlayer can be successfully used over the existing pavement in a poor condition (see Fig. 1 ). An unbonded concrete overlay is a good alternative for structural rehabilitation of deteriorated concrete pavements, because it is effective in controlling reflective cracking due to existing joints or cracks in underlying concrete pavements. The major advantage of unbonded overlays is that they require little pre-overlay repair before construction 
Interlayer in Unbonded Concrete Overlay
The proper bond of interlayer is the most critical factor to affect the performance of bonded concrete overlay because a strong interlayer bond and the resulting shear transfer are critical to the distribution of the stress throughout the pavement structure (Karshenas et al., 2014) . In contrast, the thickness and quality of the interlayer is one of the most important factors for unbonded concrete overlay due to the issue of reflective cracking.
Reflect cracking is generally defined as the propagation of cracks from the existing joint or crack in the underlying pavement or base course into the new overlay caused by load-induced and/or temperature-induced stresses (Cleveland et al., 2002) . The external wheel load induces high bending stress in the concrete overlay when the vehicle is approaching the joint. The discontinuity in the existing joint or crack could create a stress concentration and decrease the structure capacity of the overlay (De Bondt, 1998) . The contraction of the concrete slab due to temperature variation and/or shrinkage causes additional tensile stresses in the concrete overlay to make crack propagate.
The asphalt interlayer has been found effective in delaying reflective cracking of hot-mix asphalt (HMA) overlay on existing deteriorated PCC pavement and protecting pavement structure from moisture damage (Makowski et al. 2005) .
When the asphalt mixture is used as interlayer in concrete overlay, it acts similarly as in the HMA overlay and allows the concrete layers to move independently. The asphalt interlayer usually has a significantly lower modulus than regular HMA. It could increase the deformability of interface and reduce curling and warping stresses in the overlaid slab.
In addition, the asphalt interlayer provides some protection against distresses in the existing pavement affecting the overlaid concrete.
Geotextile is usually used as separator to prevent the migration of fines into base/subbase from subgrade or provide filtration and drainage in wet subgrade soils. Geotextile is also used as interlayer in HMA overlay on concrete pavement to enhance the resistance to reflect cracking either by stress-relief or energy absorption (Khodaii 2009 ). Germany's pavement design catalog now requires the use of a geotextile in concrete pavement with cement-treated base. In the past, Germany's standard design requires the bonded interface between concrete slab and base and the cement-treated base being notched at locations matching the joints in the concrete slab. 
Composite Beam Test
The concept of composite beam test was firstly used in the Pavement Design II project in 2006 . Tursun (2006 tested concrete overlays on hot-mixed asphalt (HMA) with unbonded interface on rubber pad. He found that higher peak loads (by 1.5 to 1.65times) resulted when the HMA beams were un-notched, compared to the notched beams. Braham Deformability of the fiber-reinforced concrete was also significantly increased compared to plain concrete and this could eliminate reflective cracking. The influence of the interfacial characteristics between overlay and the existing concrete pavement was also analyzed and it was found that the smooth casting surface leads to larger deformation than that of rough casting surface. 
LABORATORY TEST
Concrete Mix Design
The concrete mix design used in this study was a low cement mix with w/c ratio of 0.3352 (provided by Amanda Bordelon). Table 1 shows the composition of the concrete mix design. The concrete mix was cured for two weeks before used in the test.
Interlayer System
Two interlayer systems were used in the test, including a nonwovern geotextile and a fine-aggregate, asphalt-rich, polymer-modified asphalt mix interlayer. Currently there is no broad application of geotextile in unbonded concrete overlay except the German experience. The geotextile used in this study is manufactured by Propex, Inc. at Missouri. The detailed test data of the property of the geotextile is not available in this study.
The asphalt interlayer used in the study is highly flexible, impermeable hot mix asphalt (HMA) using high content of elastic-polymer modified asphalt and fine aggregate (nominal maximum aggregate size 4.75mm). Thus, the asphalt interlayer has softer stiffness than the regular dense mix and greater fatigue life and fracture energy.
Specimen Preparation
The bottom double-sized concrete beams (2.5 6 21 in.)
were cast using steel molds and then cut to the dimensions of 2.5 3 15 in. The bottom concrete beams were saw-cut with 0.6-inch notch depth to simulate the joint or crack at existing PCC pavement. The asphalt interlayer was compacted using roller compactor with 4% air void and then cut into the beam dimensions of 0.5 3 15 in. (see Fig. 2 ).
The top double-sized concrete beams (2.5 6 21 in.)
were directly cast onto the geotextile or asphalt interlayer using the steel molds and then cut to the dimensions of 2.5 3 15 in. (see Fig. 3 
Test Setup and Instrumentation
The whole specimen was loaded with an 11-kips MTS servo-hydraulic actuator with the stroke position gauge being set at 0.02 in./min (0.5mm/min). An INSTRON 0.16 in.
(4mm) range clip gauge was placed across the location over the notch to measure the crack opening that would initiate in the top concrete beam. The vertical dis-placement of the whole composite beam and soil was measured using a Linear Variable Differential Transducer (LVDT) with 1 in. (25mm) range. The test setup is illustrated in Fig. 4 . Totally eight composite beams with two replicates for each interlay type and control condition were tested in this study, as summarized in Table 2 .
ANALYSIS OF TEST RESULTS
Load versus Deflection Curve
The load and the vertical deflection of the whole structure (beam and soil foundation) were plotted in Fig. 5 . The load is the output from the load cell of MTS and the vertical deflection is measured from the LVDT. As the load increases before peak load, the deflection increases with the increase of load. After the load achieves the first peak load, the load drops due to the occurrence of macrocrack in the top beam.
However, the load increases again because the beam can be supported by the soil foundation. It is noted that for the composite beam with HMA interlayer, there is no visible crack observed at the first peak load and the first macrocrack in the top beam occurs at the second peak load. The peak loads at which the first macrocrack in the top beam was observed were used in the analysis because the objective of this study is to compare the effect of interlayer types on the facture behavior of concrete overlay. It is noted that the second peak load was observed in the test when the macrocrack occurs in the bottom beam for the control case and the composite beam with geotextile interlayer. 
Load versus Crack Opening Curve
The load and the crack opening of top concrete beam above notch were plotted in Fig. 6 . As the load increases before peak load, the microcrack first develops in the top beam and the crack opening increases with the increase of load. As expected, the peak load from the crack opening curve was found the same as the peak load from the deflection curve. After the load achieves the peak load and a macrocrack occurs in the top beam, the load drops and the crack opening increases significantly even with the load drop.
This indicates that the top concrete beam starts to lose its structure capacity. Fig. 6 shows that the composite beams with HMA and three-layer geotextile interlayer have greater crack openings at peak load than the control case. In addition, the increase of crack opening during the load drop after peak load is less for the beam with HMA interlayer, compared to the control condition and the beam with geotextile interlayer. This is probably because the HMA interlayer is stiffer than the geotextile and it can contribute to the structure capacity.
Crack Development of Composite Beam
The crack development of composite beam after failure is shown in Fig. 7 , respective for different interlayer types.
These photographs were taken after the tests were halted when both top and bottom concrete beams were fractured and the soil foundation carried most of the load. It can be seen that generally the crack initiates from the notch and propagate upward and downward until going through the whole beam 
Comparison of Test Results
CONCLUSIONS
The unbonded concrete overlay is commonly used with appropriate interlayer systems to prevent reflecting the distress in the existing concrete pavement into the concrete overlay. Overall, the laboratory composite beam test results did show the effect of asphalt and geotextile interlayer on the fracture behavior of composite concrete beams, although a relatively higher variation between two replicates was found.
The three-layer geotextile interlayer and HMA layer both increase the peak load when the first macrocrack occurs in the top concrete beam, while the HMA interlayer causes the smallest load drop percentage after the first macrocrack. The three-layer geotextile did show better performance than the single-layer geotextile through the greater peak load and smaller load drop percentage. It indicates that the thickness of geotextile interlayer will affect the fracture behavior of unbonded concrete overlay and the thicker geotextile interlayer is recommended. Further study is needed to quantify the effect of asphalt and geotextile interlayer on the fracture behavior of unbonded concrete overlay.
